Abstract: Dynamic spectrum (channel) allocation in cognitive radio network is the effective measure to solve the low utility of spectrum resource. Spectrum (channel) handover will degrade network performance and cause large amounts of energy consumption. This paper proposes a novel spectrum allocation algorithm to reduce the channel handover which allocates the channel that its conditional expectation is larger than the required slot that user's data need be completely transmitted once to user. We firstly model the channel as first-order two-state Markov process and achieve the channel statistical characteristic. Then we construct the spectrum allocation optimization with the interference constraints, channel availability constraint and channel handover constraint, which is solved by the colorsensitive graph coloring theory. Simulation results show that the proposed algorithm can more effectively reduce the number of channel handover of cognitive users compared to the CSGC algorithm and RDA algorithm and can achieve the satisfying system bandwidth and fairness.
INTRODUCTION
Due to the enormous growth of wireless applications in recent years, wireless spectrum is getting more congested. Furthermore, the underutilization of the licensed spectrum bands makes the situation even worse [1] . Cognitive Radio (CR) [2] has been proposed as a fundamental solution to this problem. Cognitive radio techniques can improve spectrum efficiency by allowing secondary users to temporarily utilize the unused licensed spectrum of primary users in CR networks. Cognitive radios enable the users to communicate over the most appropriate spectrum bands through four main functionalities: spectrum sensing, spectrum management, spectrum mobility, and spectrum allocation.
There are already many researches which analyze the spectrum allocation algorithm in recent years. In [3] [4] , the authors solved the problem of low utilization of spectrum resources, but performance improvement was limited. In view of the spectrum allocation of efficiency and fairness problem, distributed greedy algorithm (DGA) and rand distributed algorithm (RDA) was proposed in [5] . In [6] [7] , color-sensitive Graph Coloring (CSGC) was proposed based on above graph-coloring theory whose main idea was considering the SINR of different users on every channel. The better the channel condition is, the greater the weight of channel will be. In [8] [9] , the authors provided game theoretical analyses in cognitive radio networks for distributed channel allocation. In [10] , the author proposed a Markov random field based framework for CR networks with the aim of increasing spectrum utilization by exploiting missing channel opportunities. In [11] , a hidden Markov model based spectrum predictor was proposed.
However, most of the related works don't consider reducing the number of channel handover problem, but channel handover can increase the node energy consumption. Lots of experimental results show that the channel handover cost energy for 110.75% of the energy required for transmission. And frequent spectrum handover can make the whole system performance degradation [12] .
Therefore, for energy constrained cognitive wireless network, when design the channel allocation algorithm, need to reduce the handover times as much as possible. In this paper, we choose Markov model to predict channel state and achieve the channel characteristic. Based on channel characteristic we propose a novel algorithm which allocates the channels whose characteristic is best match to node's data size. The algorithm not only decrease the number of channel handover of system, but also maintain high spectrum utilization and fairness.
The rest of the paper is organized as follows. In Section II, we described problem model and problem. In Section III, we proposed the spectrum allocation algorithm. In Section V, we provide the simulations for the algorithm and discussion. Finally, Section Ⅵ concludes this paper.
II. CHANNEL MODEL AND PROBLEM FORMULATION SELECTING A TEMPLATE
Suppose there are N cognitive users in a cognitive radio network sharing K orthogonal primary channels. Assuming that each of primary channels only have two states: busy or idle, and is modeled as the first-order two-state Markov process illustrated in fig. 1 . The busy state means that primary channel is occupied by primary user and not available for the CR users; the idle state represents that this primary channel is available for the CR users. In Figure 1 , j p is the transition probability the channel j from idle to busy; j q is the transition probability of the channel j from busy to idle.
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If the channel k is idle at slot t, the probability that this channel is idle for the next
. Then the expectation of the length of slots where channel k is successively idle is as follows: j is more likely to finish its data transmission without channel handover. With the channel model and the expectation of the length of slots in mind, now we turn to address the channel allocation problem, and introduce the following notation.
1) Channel availability
which represents the channel availability. , 
, which represents the channel reward. , nk b represents maximum throughput that can be acquired by user n using channel k .
Channel is allocated only when it is available, so the constraint need to be satisfied, ,,
Moreover, one channel can't be allocated simultaneously to users who will interfere with each other. This constraint can be formulated mathematically as follows: (10) Put (4), (5), (6), (8), (9), (10) 
The optimization problem (11) can be written as follows:
The above channel allocation can be equivalent to graph vertex coloring problem where vertex represent cognitive users, colors represent channel, connection between vertices denote interference between the two cognitive users. To solve the above problem, we put forward an improving CSGC algorithm. Let:
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Thus we can get the label of node and corresponding color as follows: The steps of the improving CSGC algorithm are described as follows:
Step1: Initialize, set parameters and simulation model. Step2: According to the labeling rules, calculate each vertex's (user) n label on each channel in its available channel list.
Step 3: Search the vertex that has the maximum label value. According to the maximum label value, allocate the corresponding Step5: If the user available channel matrix L is empty, the allocation is finished, else jump to step2.
According to the latest matrix D we can get the results of allocation. Including the total handovers H , we also introduce the total system bandwidth U and the fairness index [13]  as performance metrics to evaluate the performance of the proposed algorithm.
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Value of  is the more close to 1, the bandwidth users acquired is the more close to equal, fairness performance of algorithm is the better.
IV. THE SIMULATION AND ANALYSIS
This paper uses MATLAB software to simulate the algorithms. We conduct our simulations under the assumption of a noiseless, immobile radio network and randomly place a number of primary and secondary users in a given area (10 × 10). Each primary user randomly selects one channel to utilize from a pool of channels. Every cognitive user has the same disturbance radius. Simulation experiments are conducted 400 times, the average value as the final test results.
At first we investigate the handover performance of three algorithms. The number of available channels is set to 10. The number of users is set randomly among 10-45. The simulation results of the three algorithms are as follows: As shown in Fig. 2 , the spectrum handover performance of the classical algorithm CSGC is relatively close to RDA. Compared with them, the spectrum handover performance of the proposed algorithm has the advantage apparently.
When the channel is set to 10, we investigate the spectrum handover performance of three algorithms. The number of channel is set randomly among 10-24. The simulation results of the three algorithms are as follows: 3 is the comparing simulation of CSGC algorithm, RDA algorithm and the proposed algorithm. The number of channel handover of three algorithm increases when the number of channels increases. The number of channel handover of the proposed algorithm is the least.
Then, we study the performance of the algorithms in total system bandwidth. The user number is set to 10.The number of channel is set randomly among 10-20. The simulation results of total system bandwidth as shown in Figure.4 Figure 4 . the comparison of channel system bandwidth As shown in Fig. 4 , with the increase in the number of channels, the total system bandwidth of the proposed algorithm increases, and it is better than RDA algorithm, but worse than CSGC algorithm.
In order to further verify the effectiveness of the algorithm, we investigated the performance of algorithms in the aspect of fairness. The user number is set to 30. The number of users is set randomly among 20-40. The simulation results of the three algorithms are as follows: 5 shows the comparison of the users' fairness of the RDA algorithm, the CSGC algorithm and the proposed algorithm in this paper. All three algorithms degrade as the number of cognitive user increases. In addition, the RDA algorithm is the best and the proposed algorithm is better than the CSGC algorithm.
V. CONCLUSION
This paper firstly models the channel as first-order twostate Markov process and formulates the channel handover constraint between the conditional expectation of idle slot of channel and the required slots user finishes data transmission once. Then we construct the spectrum allocation optimization problem with the interference constraints, channel availability constraint and channel handover constraint. Finally we use the color-sensitive graph coloring theory to solve the spectrum allocation optimization problem. Because the channel handover constraint can assure channel allocated to user that can finish data-transmission on this channel. So it can more effectively reduce the channel handover compared to the CSGC algorithm and RDA algorithm and can achieve the satisfying system bandwidth and fairness. Simulation results validate the effectiveness of the proposed algorithm.
